Abstract. The transition from water-in-oil to an oil-in-water emulsion is generally very abrupt and it is characterized by a marked decrease in the effective viscosity. The mathematical model of the ascending bubble in the water phase comparatively to the oil phase is described in this paper. Numerical simulation has been performed on two petroleum compositions with different water cut using HYSYS software. More even distribution of gas evolution for multistage separation has been obtained with water cut of oil approximately 75%. These results allow saving the heavy hydrocarbons due to reducing of entrainment into off-gases.
Introduction
Performance prediction is an essential component of the efficient design and operation of multistage separation processes including the oil-gas-water mix. The development of computeraided simulation programs for separation processes provides engineers with valuable tools to make more reliable qualitative and quantitative decisions in oilfield design and operation [1] .
The study of gas multistage separation at the preliminary preparation of crude oil without water by means of computer simulation with models was performed in [2] . The entrainment saving of liquid oil components into off-gases approximately from 40 to 60% by optimizing thermobaric conditions of the separation was shown.
However, lifted fluid is oil-water-gas mix in many oilfields. Three phase's processes are more complex and need more complex mathematical models.
Multiphase systems and multiphase flow theory detail described in [3, 4] . However, there is the influence of various factors and their relative importance, so it is not possible to generalize the conclusions. The solution to one problem cannot necessarily be applied to another problem [4] .
For example, in [5] , it has been shown results of experimental study of nonstationary regimes of ascent of a single air bubble in a viscous fluid at small Reynolds numbers. The influence of the 'hereditary' Basset force on the dynamics of the bubble has been evaluated by a comparative analysis of the experimental results and theoretical data obtained in solving the total equation of motion of the bubble with allowance for all forces on it.
A device for separation of fluid, in particular oil, gas and water, in connection with the extraction of such a fluid from formations under the surface of the earth or the seabed is proposed in [6] . Water can expediently be added to the fluid upstream of the phase inversion device to achieve the desired phase inversion. This offer is given no explanation of physical principles to achieve the benefits of such separation.
There are a number of studies and simulation of gas-non-Newtonian liquid flow [7, 8] . The main aims of such studies are usually the prediction of the gas holdup and pressure drop. Simulation of gas-non-Newtonian liquid flow in a rectangular bubble column has been described in [8] . At the selected superficial velocities, two flow regimes have been observed: heterogeneous bubbling flow and heterogeneous churn turbulent flow, they have been identified through the slope changes in the plots of pressure drop and gas holdup.
A Phenomenological model was proposed for the rates of bubble coalescence and bubble breakup in turbulent gas-liquid dispersions [9] . Bubble coalescence was modeled by considering bubble collisions due to turbulence, buoyancy, and laminar shear, and by analysis of the coalescence efficiency of collisions. Favorable agreement was found between the model and the individual coalescence and breakage rates, as well as with data obtained for the average bubble size and bubble size distribution.
Research Objectives
The most intensive gas evolution happens in the first separator and, consequently, the most intense entrainment of heavy hydrocarbons to off-gases. This is the irreversible loss of valuable components in the flare.
Last our study decided this problem by optimizing thermobaric conditions in each unit of the separation. However, this research deals only two-phase oil-gas flow.
Current study is the effort to expand our research for three-phase oil-water-gas flow. The aim of this research is the same: to reduce the intensity of gas evolution in the early stages of separation. The subject of this study is to multistage separation at the preliminary preparation of oil in the field.
Theoretical Evaluation
The oil-water emulsions may be non-Newtonian and are often very complex. We may to utilize the rheological behavior of emulsions for reducing the entrainment of heavy carbons to off-gases. The transition from a water-in-oil to an oil-in-water emulsion is generally very abrupt and characterized by a marked decrease in the effective viscosity [10] . The effect on the emulsion viscosity can be seen in Fig. 1 , since, above the inversion point, emulsion viscosity is typically significantly lower than the water-in-oil viscosity. The authors assume that an emulsion behaves as a pseudo homogeneous mixture of hydrocarbon liquid and water [10] . By increasing the effective viscosity of the emulsion, the bubble ascending velocity in a liquid may be reduced. It is thereby possible to reduce the gas evolution in the first separator and to decrease the entrainment of heavy carbons to off-gases.
It require an effective estimate of the bubble ascending velocity in the liquid. This problem has been investigated theoretically in some studies [3, 4] . Significantly, fewer works are performed by experimental researches [5, 9] . Some publications describe the numerical simulation of these tasks [11, 12] .
The complexity of the equations of hydrodynamics of gas requires a certain approach for the asymptotic evaluation.
For definiteness, we assume that the continuous phase is water and the dispersed is oil in an oilwater emulsion. Then it is easier to estimate the ascending velocity of the bubble in the oil and water. To derive this estimate we must also make a number of assumptions that will simplify the expression, not overstating this assessment.
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First, we assume that the diameter of the bubble both in water and in oil is the constant during the ascent, and the bubble is spherical shape. If the globules of oil dispersed in water are sufficiently small, the increase in the bubble for the ascent in the globule can be neglected. When you ascend in a continuous aqueous phase, we assume that the growth of the bubble stops.
Second, we consider the steady ascent rate of the bubble, i.e. stationary solution of the equations of motion. Then we can write the differential equation that takes into account the force of gravity, the Archimedes force and power of the resistance:
where U(t), m and V represent the ascending velocity, the mass and the volume of the bubble respectively; g is the acceleration due to gravity; ρ L is the density of the liquid; S is the cross sectional area of the bubble; K D is the dimensionless resistance coefficient, D is the bubble diameter.
In the range of Reynolds numbers Re < 0,1 stationary solution of this equation coincides with the well-known Stokes formula. We write this decision separately for the oil phase and for the water phase:
where Uo and Uw is the ascending velocity of the bubble in the oil phase and in the water phase respectively; ρ o , µ o and ρ w , µ w are the density and viscosity of the oil phase and the water phase respectively; ρ g is the gas density in the bubble. If we take the ascending velocities ratio of the bubble in the water and oil phases, we obtain:
The densities difference of the liquid phases can be neglected, since it is large than gas density for the both fluids. Besides this densities difference is more in the numerator than in the denominator. Therefore, we obtain the evaluation of the lower bound of the bubble ascending velocity relationship in the water and oil phase:
Thus, the relation (5) deduced from the initial equation (1) shows that the ascending bubble velocity in the water phase is some times more than the ascending bubble velocity in the oil phase. It approximately correspond to relation of the oil viscosity and the water viscosity (for accepted assumptions).
Numerical Simulation and Results
Multistage separation was studied using computer simulation through the Aspen HYSYS software [10] and own software. Many calculations were performed with different crude petroleum composition and with different water cut.
We had performed regular reducing the temperature in the first and second separators by refilling of a cold water to reduce the intensity of gas evolution. We have adjust the temperature of refilled water from 5 to 100 ºC. The hot water is needed in winter, when environment temperature is 30 degrees below zero and fluid temperature is lower 5ºC.
The general multistage separation scheme for simulating the gas evolution from an oil-in-water flow is shown in Fig. 2 . This scheme is by no means a complete description on the detailed design of any part of this process, and many details have been omitted in order to summarize a vast object. Separator 1 is named as V-100, separator 2 -V101 and separator 3 -V-102. Different models have been used as a phase state equations in HYSYS software: Peng-Robinson, Grayson-Streed-Choa-Seeder, Peng-Robinson-Twu, Suave-Redlich-Kwong, Twu-Sim-Tassone [10] . All of these models showed approximately the same result.
As an example, Table 1 shows the simulation results (by Peng-Robinson model) of the proposed scheme for the Samotlor oilfield petroleum (reservoir AB4-5, mol.wt. = 156 g/mol). This table compares the two samples: water cut 0% (Sample 1) and water cut 75% (Sample 2).
The results obtained are qualitatively reflect the physical principles and full accord with mathematical estimate derived in (1)-(5). However, we anticipated a significant quantitative difference in modeling of water-in-oil and oil-in-water. Perhaps this is due to the fact that the software HYSYS not allows to describe non-Newtonian properties of emulsions.
However, the objectives have been achieved. The aim of this research was to reduce the intensity of gas evolution in the early stages of separation for decrease entrainment of heavy hydrocarbons to off-gases. Table. 1 shows the entrainment ratio for the first, the second and the third separator. The entrainment ratio was calculated for the C 5+higher fraction. Sample 1 have 100:145:201 entrainment ratio (with water cut 0%). Sample 2 have 100:125:170 entrainment ratio (with water cut 75%). Obviously that we received more even distribution of gas evolution for multistage separation. The total entrainment of the C 5+higher fraction was reduced from 4.61 to 4.36%.
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Conclusion
Numerical simulation of gas evolution from oil-in-water flow for multistage separation is the important tool to make more reliable qualitative and quantitative decisions in oilfield design and operation. The most intensive gas evolution happens in the first separator and, consequently, it has the most intense entrainment of heavy hydrocarbons into off-gases. This is the irreversible loss of valuable components in the flare.
The transition from the water-in-oil to the oil-in-water emulsion is generally very abrupt and characterized by a marked decrease in the effective viscosity. Derived relation showed that the ascending bubble velocity in the water phase is some times more than the ascending bubble velocity in the oil phase. It approximately correspond to relation of the oil viscosity and the water viscosity (for accepted assumptions).
Numerical simulation by HYSYS software showed the entrainment ratio for the first, the second and the third separator for the C 5+higher fraction: from 100:145:201 entrainment ratio (without water) to 100:125:170 (with water cut 75%). It means more even distribution of gas evolution for multistage separation. The total entrainment of the C 5+higher fraction was reduced from 4.61 to 4.36%. These results allow saving of heavy hydrocarbons due to reducing of entrainment into offgases.
We expect that quantitative value may be more if non-Newtonian properties of oil-water emulsions will be involved. Method of Preliminary Oil Preparation at Oil Fields at Multistage Separation based on this study has been patented and used at one of Siberian oilfield.
